T was isolated from soil of a heavy-metal-contaminated paddy field. Cells of strain TBZ30 T were Gram-staining-negative, rod-shaped, non-motile and non-spore-forming. 
The genus Mucilaginibacter belongs to the family Sphingobacteriaceae and was first proposed by Pankratov et al. (2007) and later emended by Urai et al. (2008) , Baik et al. (2010) and Chen et al. (2014) . The type species is Mucilaginibacter paludis (Pankratov et al., 2007) . The members of the genus Mucilaginibacter are Gram-staining-negative, non-spore-forming, non-motile rods and produce extracellular polymeric substances. The strains representing the genus Mucilaginibacter contain menaquinone-7 (MK-7) as the major isoprenoid quinone, iso-C 15 : 0 and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) as the major fatty acid, and have DNA G+C contents of 39.1-49.8 mol% (Baik et al., 2010; Kim et al., 2012a; Chen et al., 2014) . The major polar lipids are phosphatidylethanolamine, unidentified aminophospholipids, phospholipids and aminolipids (Chen et al., 2014) . During the last few years, the number of members of the genus Mucilaginibacter has increased rapidly, and the genus presently comprises 39 species (http://www. bacterio.net/index.html). These have been isolated from various environments including soil (Madhaiyan et al., 2010; Jiang et al., 2012; Baek & Ok Jeon, 2015) , aquatic environments (Baik et al., 2010; Joung & Joh, 2011; Hwang et al., 2014) , moss (Pankratov et al., 2007; Chen et al., 2014) , plants (An et al., 2009; Khan et al., 2013; Park et al., 2014) compost (Cui et al., 2011) , sediment (Kim et al., 2012a) , marine sand (Yoon et al., 2012; Kang et al., 2013) and a car air conditioning system (Kim et al., 2016) .
During the process of isolating heavy-metal-resistant bacteria, a soil sample was collected from a heavy-metal-contaminated paddy field at Zhongfang town (30 17¢ 54¢¢ N 109 28¢ 16¢¢ E), Linxiang city, Hunan, China. The soil pH was 6.0 and the concentrations of Zn 2+ and Pb 2+ were 127.6 and 54.41 mg kg
À1
, respectively. The soil sample was serially diluted with 0.85 % NaCl and plated on R2A (DSM medium 830) agar plates containing 100 µM ZnCl 2 . Strain TBZ30 T , forming a pink and moist colony, was isolated from the R2A agar containing 100 µM ZnCl 2 incubated at 28 C for 7 days and later preserved in 20 % glycerol at À80 C.
The 16S rRNA gene sequence of strain TBZ30 T was amplified by the universal primer pair 27F/1492R as described by Fan et al. (2008) . The purified PCR product was cloned into IP: 54.70.40.11
On: Sun, 10 Mar 2019 21:42:44 pGEM-T vector and sequenced (1445 bp). Identification of phylogenetic neighbours and calculation of pairwise sequence similarity were performed by the EzTaxon-e server (Kim et al., 2012b) . The highest similarities were found with the sequences from recognized members of the genus Mucilaginibacter, including Mucilaginibacter gynuensis YC7003 T (95.8 %), Mucilaginibacter mallensis MP1X4 T (95.4 %) and Mucilaginibacter litoreus BR-18 T (95.4 %). The evolutionary distances were calculated using an algorithm of Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were generated with neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood methods (Felsenstein, 1981) using MEGA version 6.0 software (Tamura et al., 2013) . Bootstrap analysis with 1000 replications was conducted to obtain confidence levels of the branches (Felsenstein, 1985) . Phylogenetic analysis of the neighbour-joining tree indicated that strain TBZ30
T clustered in a coherent clade with M. gynuensis YC7003 T and M. mallensis MP1X4 T (Fig. 1) . Similar relationships were also found in the trees based on the maximum-parsimony and maximum-likelihood algorithms (Figs S1 and S2, available in the online Supplementary Material). The phylogenetic inference and 16S rRNA gene sequence similarities of less than 97 % (Stackebrandt et al., 2002) Cell morphology and flagella were observed by transmission electron microscopy after growth on R2A at 25 C for 2 days. Growth under anaerobic conditions was determined after incubation in an anaerobic chamber at 25 C for 7 days on R2A agar. Gram staining was determined using a Gramstaining kit (Jiancheng Biotech). The presence of flexirubintype pigments was tested using 20 % (w/v) KOH solution (Bernardet et al., 2002) . Growth at different temperatures (4, 10, 15, 20, 25, 28, 37 and 42 C) was determined on R2A agar for 7 days. The pH range for growth was assessed in R2A broth at 25 C. The medium was adjusted to pH 5.0-9.0 (at intervals of 0.5 pH unit) using 0.1 M citric acid/ 0.2 M Na 2 HPO 4 (pH 5.0-7.0) and 0.2 M Tris/HCl (pH 8.0-9.0). Growth in the presence of different NaCl concentrations (0-3.0 %, w/v) was also investigated using batch cultures in R2A broth. A motility test was performed with 0.3 % agar. Oxidase activity was tested via the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine, and catalase activity was evaluated by detecting bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Hydrolysis of gelatin, starch, Tween 20, Tween 60, Tween 80, tyrosine, phenylalanine and cellulose was measured using the formation of an opaque halo of precipitation around the colony. Production of indole and hydrogen sulfide was tested as described by Dong & Cai (2001) . Other biochemical and carbon source utilization tests were conducted using the API 20NE, API 50CH, 32GN and API ZYM strips (bioM erieux) according to the manufacturer's instructions, and in some cases, in combination with traditional methods.
Strain TBZ30
T was Gram-staining-negative, aerobic, rodshaped (0.3-0.4Â1.1-1.3 µm), non-flagellated and nonspore-forming (Fig. 2) . Colonies grown on R2A agar were pink, circular, convex, smooth and moist showing 1.1-1.5 mm in diameter. Flexirubin-type pigments were absent. Growth occurred at 4-28 C (optimum, 25 C) and at pH 5.0-8.5 (optimum, pH 7.0). The range of NaCl tolerated for growth was 0-1.0 % (w/v), and optimum growth occurred without NaCl. Other physiological characteristics of strain TBZ30
T are summarized in the species description. Strain TBZ30
T differed from the most closely related type strains in trypsin activity and other characteristics, which are presented in Table 1 .
The DNA G+C content of strain TBZ30
T was determined by HPLC according to the method of Tamaoka & Komagata (1984) . For polar lipid analysis, cells of strain TBZ30
T and the closest reference strain, M. gynuensis YC7003 T , at the mid-exponential phase of growth were extracted and identified according to the method of Tindall et al. (2007) . Isoprenoid quinones were extracted as described by Minnikin et al. (1984) and analysed by HPLC with a LDC Analytical detector (Thermo Separation Products) and a reverse-phase column (Macherey-Nagel; 2Â125 mm, 3 µm, RP18). Strain TBZ30
T and the three reference strains were cultivated on R2A agar at 25 C until bacterial growth reached the midexponential phase for the analysis of cellular fatty acids. The fatty acids were extracted following saponification and methylation by using minor modifications of the method described by Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were separated and analysed using the Sherlock Microbial Identification System (MIDI) and identified by using the MIDI database (Hewlett-Packard). The polar lipids, quinones and DNA G+C content were analysed by the DSMZ.
The genomic DNA G+C content of strain TBZ30
T was 49.0 mol%, which is in the range reported for the type strains of species of the genus Mucilaginibacter. The polar lipids of strain TBZ30
T were phosphatidylethanolamine, unidentified phospholipid, two unidentified aminophospholipids, four unidentified aminolipids, three unidentified lipids and two unidentified glycolipids (Fig. S3a) . The polar lipid profile of strain TBZ30
T was similar to that of the most closely related type strain, M. gynuensis YC7003 T (Fig.  S3b) . The major polar lipids of strain TBZ30
T were in accordance with the previous description of the genus Mucilaginibacter (Chen et al., 2014) . The only respiratory quinone detected in strain TBZ30
T was MK-7, which was in agreement with the previous reports for members of the genus Mucilaginibacter (M€ annistö et al., 2010; Khan et al., 2013) . The major cellular fatty acids (^5 %) of strain TBZ30 T were summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) (46.7 %), iso-C 15 : 0 (19.1 %), C 16 : 0 (9.0 %), iso-C 17 : 0 3-OH (5.5 %) and C 16 : 1 !5c (5.0 %). The overall fatty acid profile of TBZ30
T was similar to those of the reference strains, but there were some differences in the respective proportions (Table 2) .
On the basis of the polyphasic analysis, strain TBZ30
T represents a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter pedocola sp. nov. is proposed.
Description of Mucilaginibacter pedocola sp. nov.
Mucilaginibacter pedocola sp. nov. (pe.do¢co.la. Gr. n. pedon soil; L. suff. -cola a dweller; N.L. n. pedocola a soil dweller).
Cells are Gram-staining-negative, non-motile, non-sporeforming and rod-shaped (0.3-0.4 µm in width and 1.1-1.3 µm in length). Colonies are circular, pink, convex, smooth and 1-1.5 mm in diameter after growth for 2 days at 25 C on R2A agar. Growth occurs strictly aerobically at 4-28 C (optimum, 25 C) and at pH 5.0-8.5 (optimum, pH 7.0), and in the presence of 0-1.0 (w/v) NaCl (optimum, without NaCl). Catalasepositive and oxidase-positive. Flexirubin-type pigments are absent. Hydrolyses Tween 20, tyrosine and aesculin, but not Tween 80, Tween 60, gelatin or casein, possesses phenylalanine deaminase and cannot reduce nitrate to nitrite. Acid is produced from arabinose, sucrose, D-fructose, xylose, cellobiose, lactose, rhamnose and maltose, but not from mannitol, D-ribose, glycerin or ethanol. Can degrade glucose, but cannot produce acetoin. In the API ZYM test, b-glucosidase, alkaline phosphatase, leucine arylamidase, esterase (C4), a-galactosidase, b-galactosidase, a-glucosidase and naphthol-AS-biphosphohydrolase activities are positive, and a-chymotrypsin, valine arylamidase, lipase (C14) and b-glucuronidase activities are negative. Production of H 2 S and indole is negative. Negative for glucose fermentation, and urease and arginine dihydrolase activities. Assimilates pectin, glucose, mannose, L-arabinose, maltose, N-acetylglucosamine and melibiose, weakly assimilates rhamnose and glycogen, but does not assimilate inositol, fucose, mannitol, gluconate, malate, phenylacetic acid, trisodium citrate, caprate, oxalic acid, ribose, acetate, alanine, L-serine, mannitol, sorbitol or histidine. The only isoprenoid quinone is MK-7, and the major cellular fatty acids are summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), iso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 3-OH and C 16 : 1 !5c. The polar lipids contain phosphatidylethanolamine, an unidentified phospholipid, two unidentified aminophospholipids, four unidentified aminolipids, three unidentified lipids and two unidentified glycolipids. Gram-staining-negative, non-motile, non-spore-forming and rod shaped, and negative for production of H 2 S and indole. All strains can assimilate glucose, mannose, maltose, pectin, N-acetylglucosamine and melibiose. They cannot utilize mannitol, inositol, gluconate, malate, phenylacetic acid, trisodium citrate, caprate, oxalic acid, 5-ketogluconate, ribose, acetate, alanine, L-serine, mannitol, sorbitol or histidine. In the API ZYM test, all strains are positive for production of alkaline phosphatase, arginine dihydrolase, leucine arylamidase, a-galactosidase, b-galactosidase, a-glucosidase and naphthol-AS-biphosphohydrolase, and weakly positive for production of esterase lipase (C8) and esterase (C4). All strains are negative for production of lipase (C14) and b-glucuronidase. All strains can hydrolyse aesculin and cannot hydrolyse Tween 80, Tween 60, casein or gelatin, and are negative for glucose fermentation and urease. All strains are positive for acid production from cellobiose, lactose, rhamnose and maltose, but negative for acid production from mannitol, D-ribose, glycerin and ethanol. Montero-Calasanz et al. (2013) , summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain-lengths (ECLs) as well as those where the ECLs are not reported separately. Here, summed feature 3 was listed as C 16 : 1 !7c and/or iso-C 15 : 0 2-OH.
